Results from a recent, new assay suggest that omeprazole, a potent inhibitor of gastric acid secretion, is genotoxic. The principle of this assay is that the non-proliferating zone of surface gastric epithelial cells can be selectively removed by controlied digestion so that any incorporation of tritiated thymidine into these cells represents unscheduled DNA synthesis. Parietal cells (which are located below the uppermost proliferating cells) and proliferating cells in semiconservative, regular DNA synthesis could always be shown in the digested fraction, and as regular DNA synthesis takes up a thousand fold more thymidine than unscheduled DNA synthesis, any signal from unscheduled synthesis would therefore be swamped. The digestion process was also uneven, as histological analysis showed denuded patches of mucosa, and gland like structures were seen in the digest. Quantification of the number of silver grains over the nuclei showed no increase in low level labelling after omeprazole administration, indicating that there was no unscheduled DNA synthesis. The labelling index of undigested gastric tissue from omeprazole treated rats was not significantly different from that ofthe control group, despite an increase in the plasma gastrin value.
Carcinogenesis is a multistage process involving permanent changes in DNA.' DNA repair can occur after genotoxic damage as 'unscheduled DNA synthesis', and mis-or incomplete DNA repair may be related to carcinogenesis. While there are several well established tests for genotoxicity,23 these are either in vitro assays or use non-gastrointestinal tissue systems, thus a new in vivo test could have considerable potential. Such genotoxicity assay for the rat stomach has recently been described by Burlinson, 4 who reported that the powerful proton pump inhibitor, omeprazole,5' stimulates unscheduled DNA synthesis.7 Other anti-acid drugs, namely loxtidine, cimetidine, and ranitidine did not have this effect.8 These findings have considerable implications9 but are at variance with the data generated from the extensive application of established genotoxicity methods. " ' The site specific mode of action of omeprazole, in which the active form (sulphenamide) is generated only in the cannuliculi of the parietal cells has led to the value of these data being questioned. ' The basis of the Burlinson The first part of the study investigated the effects of vehicle, pure omeprazole (60 mg/kg) and the carcinogen MNNG on the specific activity of the cell digests, and on the types of cells present in the digests. There were five animals per group; the stomach rinse from two rats was flushed into 10 ml of 2X formalin, while that from three rats was prepared for DNA assay.
The second part of the study examined the effects of vehicle, homogenised enteric coated granules of omeprazole (30 mg/kg omeprazole), and MNNG on the specific activity of the cell digests and on the types of cells present in the digests. There were four animals per group. The flushed material was vortexed, 1 ml was spun down and the pellet fixed for histology, while the remaining 9 ml were used for the DNA assay.
In the third part of the study, groups of four rats were gavaged as above, and similar groups were also given hydroxyurea 1 hour before the injection of tritiated thymidine. The stomachs were fixed without protease digestion, further control and omeprazole gavaged groups (three per group) were subjected to the pronase digestion, and half the stomach was fixed for scanning electron microscopy and half for light micro scored. All slides were scored 'blind', in that the person reading the slides was unaware of the group to which the slides belonged.
For lectin staining of the parietal cells the sections were dewaxed, endogenous peroxidase activity was blocked, and they were incubated with the lectin peanut agglutin (PNA, Vector Labs, Bretton, Peterborough) at a dilution of 1:200 for 35 minutes. After this the sections were incubated with the avidin-biotin peroxidase complex for 35 minutes, and the colour reaction developed with DAB (3-5 minutes). Nuclei were stained with Mayer's haematoxylin.
BIOCHEMISTRY
The pronase fraction was spun at 100 g, the supernatant discarded, and 5 ml of 10% trichloroacetic acid (TCA) were added, followed by 2 ml of 1 M NaOH. The fraction was shaken and 2 ml of 10% perchloric acid were added, followed by 1 ml of 5% perchloric acid. The tube was left to precipitate on ice for 15 minutes and was then spun at 750 g for 10 minutes. The supernatant was discarded and the pellet frozen.
Each pellet was dissolved in 0 5 ml 1 M NaOH to which was added 1 ml ofTCA-HCl (15% TCA in 2 M HCI). The mixture was vortexed and left to stand for 15 minutes at 4°C before centrifugation at low speed. The supernatant was discarded and the pellet resuspended in TCA-HCl twice more until all the acid soluble radioactivity was removed (as ascertained by scintillation counting). The final pellet was resuspended in 1 ml 5% TCA and heated at 90°C for 20 minutes with occasional mixing. The mixture was then centrifuged at 2000 g for 10 minutes. One ml of the chromogen solution (1 g diphenylamine in 100 ml glacial acetic acid+2-75 ml concentrated sulphuric acid) was added to 0-5 ml of the clear supernatant. This mixture was immersed in a water bath at 100°C for 10 minutes and the resultant absorbance was read at 600 nm on a Cecil series 2 spectrophotometer (Cecil Instruments, Milton Industrial Estate, Cambridge). DNA standards (5-100 g/ml of calf thymus DNA, Sigma) were treated in a similar manner. Duplicate 0 5 ml aliquots from each reaction mixture were added to 10 ml of scintillation fluid (Instagel; Packard, Pangbourne, Berks) and the radioactivity was measured on a Packard Tricarb 1900 CA scintillation counter with on-board quench correction. The distribution of the labelling grain count was tested to determine whether the data were compatible with the normal distribution by plotting and correlating the cumulative frequency distribution of the data against the cumulative frequency distribution of the normal distribution. 16
Results
The carcinogen MNNG increased the specific activity of the protease digests in both studies but there was considerable intra-animal variation (Fig 1) . While omeprazole seemed to increase activity in the first study (where the pure drug was used), the difference was not statistically significant. There was no indication of any such effect in the second investigation, where homogenised granules were used.
The preservation of the cell digests was better in the first investigation, where the cells were washed into formalin, but there was less recovery of material in the centrifuge pellets. All digests contained a variety of cell types, including parietal cells (Fig 2) , which was confirmed by their lectin staining. Proliferating mucous neck cells were also seen (Fig 3) . There were more labelled cells in the digest from the omeprazole group (4-5 (0-2)% v 2-6 (0-5)%, p<005 (second investigation)). The percentage of labelled cells in the digest from the MNNG treated rats was 10-1 (1 3)%, which was significantly greater (p<0-01) than that of the vehicle.
In addition, tubes of cells closely resembling the gastric neck or isthmus were often seen (Fig 4) . Areas of denuded mucosa were seen in the remaining stomach tissue, especially of the MNNG treated group. Scanning electron microscopy of specimens that had undergone protease digestion showed damage to the surface of the stomach that invariably included detachment of large sections of the gastric glands (Fig 5) .
Omeprazole had little effect on the labelling index of undigested tissue while MNNG had a large effect (Fig 6) . The cell population seemed to be slightly decreased by hydroxyurea (p=0086). Hydroxyurea reduced labelling by 100% in the vehicle group and by 95% in the omeprazole group. However, the inhibition of proliferation by hydroxyurea in the MNNG treated group was only 54%.
Grain count analysis showed that there was no significant difference in the mean number of grains per nucleus in the vehicle treated and in the omeprazole treated rats (617 (6-2) v 57-28 (1 -0)). There were slightly more grains in the MNNG treated (66 1 (5 34) animals. Normal scores tests showed that the distribution of the grain count in both groups was compatible with the normal distribution (p<005). Analysis of all the surface cells showed no difference in the number of lightly labelled cells between the omeprazole and the vehicle treated groups.
Omeprazole increased the plasma gastrin in all parts of this study but the pure form of the drug was less effective than the homogenised granules used in the second and third investigations group.bmj.com on June 27, 2017 -Published by http://gut.bmj.com/ Downloaded from (Fig 7) . MNNG reduced gastrin in the first and second investigations, and decreased plasma peptide YY levels in the third investigation. Hydroxyurea had no effect on gastrin or peptide YY, but significantly increased plasma enteroglucagon.
Discussion
While omeprazole seemed to increase specific activity in the digests of the first study, in which 60 mg/kg of the pure drug was used, the difference was not statistically significant. There was no indication of such an effect in the second different doses were used as it had been stated that dispersed granules were more effective. '7 Presumably these differences reflect the relatively instability of the pure form of the drug, especially as omeprazole is a pro-drug, converted to its active form by the acid in the parietal cells.0 While the use of the drug in this form increased plasma gastrin, the time course of this is not known, thus it is possible that the effect of the drug is delayed by this formulation. These differences in formulation make comparisons with other acid inhibitors, which have a shorter duration of action, rather difficult. '9 The feedback between acid inhibition and gastrin levels is well known but even here there can be some surprises.2021 While there is little evidence of a proliferative effect of gastrin throughout the gut, a proliferative role for gastrin in gastric hyperplasia, and especially endocrine cell growth, is well established.22 The data on the proliferative effects of omeprazole are contradictory. In normal23 and antrectomised rats,24 omeprazole had no effect on gastric proliferation, supporting the conclusion that acid inhibiting, drug induced hyperplasia is mediated via gastrin25; nonetheless, proliferative responses have recently been reported.2627 Lifelong gastrin induced enterochromaffin like cell hyperplasia28 in experimental animals can lead to low malignancy, non-metastasising carcinoid tumours.29 However, rats may be particularly prone to these,5 and carcinoids are relatively rare in patients with the massive hypergastrinaemia associated with the Zollinger-Ellison syndrome and pernicious anaemia. 30 Appreciable trophic effects in omeprazole treated patients were not seen on biopsy.3'-" However, some hyperplastic lesions of endocrine cells were observed in a different study34 perhaps associated with higher dose regimens.28 While MNNG was shown to have a major proliferative effect in the last investigation, omeprazole did not, despite the rise in gastrin. A possible explanation of the present results is that proliferation may not have been increased at the single time point studied, as rat enterochromaffin-like cells may take some time to show a proliferative response to achlorhydria. 35 Parietal cells were seen in the digests, and replicating cells are located above the last parietal cell,36 thus the pronase digestion had gone too deep and proliferating (regular DNA synthesis) cells would therefore also be present. This was confirmed by autoradiography. The presence of proliferating cells in the digests has also been reported by other groups.3738 These cells were quite heavily labelled, again indicating that they were in regular rather than unscheduled DNA synthesis. Morphology of the isolated gland portions confirmed that these cells have indeed come from the proliferating zone of the glands. Scanning electron microscopy also showed that protease digestion removed large portions of the gastric glands. As regular DNA synthesis would take up to a thousand times more thymidine than unscheduled DNA synthesis, even a small contamination would render the technique invalid.
More labelled cells were seen in the stomachs of the omeprazole group than the vehicle treated -T Figure 5 : Scanning electron microscopy of (top) stimulator of cell proliferation. The results of this study also show that the proliferative response of the stomach to MNNG would be more than enough to explain the increase in specific activity in the pronase digests. The conclusions of this study are that the assay is without foundation as it does not selectively remove surface cells, and any unscheduled DNA synthesis synthesis would therefore be overwhelmed by contamination with cells regular DNA synthesis. In addition, grain count analysis does not support the contention that omeprazole induces unscheduled DNA synthesis in the rat stomach. Furthermore, the results of the present study do not show any significant effect of omeprazole on gastric proliferation, despite a modest increase in plasma gastrin.
